Introduction
Experiments on spin glasses [I] indicate a divergence of the relaxation times at a finite temperature; the spin glass freezing temperature. This implies a phase transition, but due to the aging phenomenon the spin glass phase is a non-equilibrium phase and the dynamics of spin glasses are consequently non-equilibrium dynamics. The aging phenomenon was discovered five years ago [2, 31 and the large amount of experiments on various spin glass systems performed since then [4- 81 conclusively reveal a universal character of the nonequilibrium dynamics in spin glasses. In this review some fundamental aspects of the spin glass dynamics are stressed and a new class of experiments is presented. The experimental results are discussed within the framework of recent domain pictures [13, 14] of the spin glass phase.
Random state
One basic requirement in aging experiments is to create a "random" state at a temperature below the spin glass freezing temperature, T,. Figure 1 schematically illustrates two methods: (i) the temperature quench method and (ii) the field quench method. In the first method the sample is rapidly zero-field-cooled (ZFC) through T, to the measurement temperature,
Tm.
The aging prbcess at Tm may be probed, after a certain wait-time (t,) , by observing the relaxation of the magnetization with time (t) after the application of a weak magnetic field (h) . In the regime of linear response of the relaxation the external field is just a probing field and the aging proceeds unaffected. In the field quench (FQ) method one starts at Tm with a sufficiently high external magnetic field to impose a state at thermodynamic equilibrium. The external field is then cut off and besides a global decay of the remanent magnetization there is an aging process, which instantaneously starts after the field quench. If proper account is given for the decay of the remanent magnetization, this aging process may similarly be probed by the application of a weak magnetic field. Experimental results [15] on an amorphous metallic spin glass show that the same aging process occurs after a field quench as after a temperature quench. Due to the different times needed to perform a field quench (10 ms) and a temperature quench (100 s) these experiments implied that a more well-defined initial random state was obtained in the FQ-method. This method apparently offers a possibility to accurately observe the relaxation behaviour at very long times (i.e. In t >> In t,), which is otherwise difficult.
Linear response of the relaxation
The non-equilibrium dynamics associated with the aging process in spin glasses is fully reflected [14, 161 in a response function p (t,, t) . The relaxation of the magnetization in ZFC magnetization measurements may be written:
where h is a weak magnetic field. Figure 2a MZFC VS. In t for some values of t,, illustrating a continuous variation of the response function at constant temperature. In spite of this non-equilibrium behaviour of the dynamics the linear response of the relaxation, and the principle of superposition are still valid. This is convincingly demonstrated [16] in isothermal-remanent-magnetization (IRM) measurements. In such measurements the sample is zero-fieldcooled to Tm. The magnetic field is applied after t,l and removed after twz (i.e. the duration of the field pulse requals tw2 -twl) and the relaxation of the remanent magnetization is recorded immediately after the field removal (which defines t = 0). According to the principle of superposition the relaxation of the IRM is found frorn: Figure 2b shows IRM measurements for wait-times t,l = 0 s and twl = lo4 s. The duration of the field pulse is in both cases 100 s. Using equation (2) the solid lines in figure 2b are obtained from the experimental ZFC curves in figure 2a. Figure 2b shows the pronounced influence of the aging proces on the measured relaxation curves, but firmly confirms the validity of the linear response theory of the dynamics in spin glasses. Hence, fundamental links between different experiments may be established [4] [5] [6] [7] [8] 16 , 171.
The non-equilibrium dynamics may be studied in a variety of time-and frequency-domain experiments. Indubitably, the most comprehensive information is obtained from ZFC magnetization measurements and in the following some key observations of the nonequilibrium dynamics in spin glasses are exemplified through such experiments on a Cu (10 % Mn) spin glass.
Physical picture
The non-equilibrium dynamics of spin glasses have 'recently been addressed by Fisher and Huse (FH) [13] within the droplet scaling theory [18] and by Koper and Hilhorst (KH) 1141 in a new mesoscopic theory.
A common feature of these theories is that the aging process involves the growth of domains, within which equilibrium spin glass order exist. According to FH the size of the domains (R) grows from a microscopic time (to) with the age (t,) of the system as: (3) where B (T) is a barrier height and 9 the barrier exponent. Associated with the application of the probing field is a probing length scale (L) [12-141, which analogously grows with observation time (t) as:
(4) Figure 3a shows R vs. In t, and-figure 3b shows R and L vs. In t. As is seen from figure 3b, R remains almost constant for In t << In t, and follows the path of L for In t >> In t,. When In t << In tw (L << R) quasi-equilibrium dynamics [2, 3] In t, and at In t >> In t, are predicted. Fhrthermore, FH propose that the relaxation behaviour at long times (In t >> In t,) should be the same as the decay of the saturated remanent magnetization (since a temperature quench and a field quench yield the same aging process). Experiments [21] give partial support for this proposal.
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Influence of temperature o n aging
Recently [9-121 a novel approach to study the nonequilibrium dynamics in spin glasses has been adopted. In these experiments the influence of temperature variations (i.e. temperature shift, temperature cycling, temperature fluctuations) on the aging process have 0 been studied which yield new insight in the dynam-
In(ta> ics of spin glasses. These experimental results are in general accord with the physical picture given above. bM / b In t vs. In t; the age of the system is t, = t+t,. to is a microscopic time. ! I ! is a barrier exponent.
TEMPERATURE SHIFT.
-In order to study the influence of a persistent temperature shift on the domains and the domain growth the sample is cooled to a somewhat lower temperature (Tm -AT) than the actual measurement temperature Tm. After a wait-time, the temperature is increased to T, and the probing field is applied. Figure 5 shows [12] relaxation rate curves for one and the same wait-time, t, = lo4 s. The different curves refer to the same Tm, but the sample has been aged at different AT'S from Tm as indicated in the figure. The curves in figure 5 show the same characteristic features as ordinary ZFC curves at different wait-times (cf. Fig. 4 ). This is interpreted as a temperature dependence of the growth rate of the domains (see Eq. (3)), which is schematically illustrated in figure 6 . When the sample is aged at a temperature Tm -AT, the growth of the domains is slower than at T , . When the temperature is increased to Tm, after ~W I we move from A to B in figure 6 and a system that appears younger is probed. The characteristic signatures of the relaxation rate curve is preserved, but the maximum of S (t) is consequently shifted towards shorter observation times. Analogously, if the system is aged at a higher temperature than Tm a system that appears older is probed after cooling to Tm (C to D in Fig. 7 ). This behaviour for small positive and negative temperature shifts is illustrated in figure 7 . The pic- ture given above is only plausible if the temperature shift is small enough to give a sufficient "overlap" between the equilibrium spin configurations at the two temperatures. The fundamental concept of an overlap length scale (la=) for a spin glass at equilibrium has been treated by Bray and Moore [22] and also found to have important implications for the non-equilibrium dynamics 113, 141. The existence of an overlap length scale is expected to yield "irreversibility" effects in a temperature cycling experiment if lAT is shorter than R. AT is approximately [13, 14, 221 inversely proportional to the difference, AT, between two temperatures.
5.2 TEMPERATURE CYCLING. -In order to examine the influence of a temperature cycling on the domains the sample is cooled to the measurement temperature, T, .
After a wait-time of lo4 s a positive temperature cycling (AT) is made (which effectively takes about 30 s) and when Tm is recovered the probing field is applied. display the same characteristic maxima as the curves in figure 8.
TEMPERATURE FLUCTUATIONS.
-From the basic concept of an overlap length scale in spin glasses, it was envisaged by Bray and Moore [22] that spin correlations at long length scales are more susceptible to fluctuations in temperature than correlations at short length scales. In the physical picture of the non-equilibrium dynamics this implies that large domains should be more affected by temperature fluctuations than small domains. To test this idea experimentally [23] the sample is cooled to Tm and during the wait-time the sample is continuously subjected to temperature variations (AT = + -0.34 K) around Tm.
After the wait-time, the temperature fluctuations are stopped and the dynamics are probed. trates the influence of temperature fluctuations on the measured relaxation rate curves. As is apparent from the figure the 'large" domains (i.e. long wait-times) are more affected by temperature fluctuations than the "small" domains (i.e. short wait-times). From the arguments given above it is plausible to assume that the temperature fluctuations give rise to a continuum of length scales up to a maximum domain size, which is of the order of the size obtained with no temperature fluctuations.
Conclusion
A reborn interest for the aging phenomenon in spin glasses is anticipated.
